Background: The burden of cancer in China is high, and it is expected to further increase. Information on cancers attributable to potentially modifiable risk factors is essential in planning preventive measures against cancer. We estimated the number and proportion of cancer deaths and cases attributable to ever-smoking, second-hand smoking, alcohol drinking, low fruit/ vegetable intake, excess body weight, physical inactivity, and infections in China, using contemporary data from nationally representative surveys and cancer registries.
Introduction
Cancer is the leading cause of death in China, and the burden is expected to further increase in the coming decades because of population aging and transitions in lifestyle toward high risk behaviors (e.g. excessive calorie intake and physical inactivity) [1] . By eliminating or reducing exposure to potentially modifiable risk factors, cancer prevention measures in China could prevent or avert a substantial number of cancer cases or deaths in light of the 4.3 million new cancer cases and 2.8 million cancer deaths estimated to occur each year in the country [2] .
Information about the burden of cancer attributable to potentially modifiable risk factors is essential in prioritizing resources and planning preventive measures against cancer. Several studies have estimated the number and proportion of cancers attributable to these factors in China, including references [1, [3] [4] [5] [6] [7] . However, most of these studies were limited because they included only a single risk factor or cancer site, or used a single exposure estimate for all age groups and/or sexes combined, despite probable variations across these demographic strata. Furthermore, available estimates are generally outdated, as the most comprehensive analysis was for 2005 [5] . More up-to-date information from China has become available on prevalence of modifiable risk factors, the magnitude of associations for specific risk factors with specific types of cancer, and cancer outcomes, the essential elements in calculating the proportion of cancers in the population attributable to a risk factor, or the population attributable fraction (PAF), and corresponding number of cancers.
We estimated the number and proportion of cancer deaths and cases attributable to multiple lifestyle factors and infections in China in 2013 by sex, using the most up-to-date list of risk factors and corresponding relative risks (RRs), as well as contemporary data on exposures and cancer outcomes from nationally representative surveys and cancer registries.
Methods
We used the International Agency for Research on Cancer (IARC) and World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) reports to identify risk factors and associated cancer sites [8] [9] [10] . The selected risk factors were those with sufficient evidence for carcinogenicity in humans (IARC) or factors with strong evidence-either convincing or probable-for either causing or preventing cancers (WCRF/AICR). Only risk factors and cancer sites with available exposure and outcome data were included (supplementary Table S1 , available at Annals of Oncology online).
We obtained the estimated number of cancer deaths and cases in individuals aged 30 years in China in 2013 from the National Central Cancer Registry of China (NCCRC), stratified by age groups (30-84 by 5 years, 85þ), sex, and residence (urban/rural). NCCRC data were drawn from 255 local population-based cancer registries, covering 226 million individuals (17% of the national population) in diverse geographical regions, providing the most nationally representative data available on cancer incidence and mortality in China [11] .
We used exposure data from 10 years before the outcome, when available, as an average lag period between changes in exposure prevalence and cancer occurrence at the population level, though this may differ by types of exposure and cancer site. Similar to the outcome data, all exposure data were stratified by age group, sex, and residence (urban/ rural), except for infections. Due to a dearth of nationally representative information on prevalence of carcinogenic infections, we applied a commonly used method to estimate the number of cancer deaths and cases attributable to infections based on the prevalence of infections in cancer cases in China as reported by Plummer et al. (supplementary Table S2 , available at Annals of Oncology online) [7] .
Data on tobacco smoking, past-year alcohol drinking, body mass index (BMI), and physical inactivity were obtained from the China National Nutrition and Health Survey (CNHHS) 2002 [12] . We combined prevalence of current and former smokers because formersmokers were <1% of the population in most sex, age, and residence strata. Past-year alcohol drinking was considered as an indicator of everdrinking. Data on fruit and vegetable intake were obtained from another round of the aforementioned survey conducted in 2006, because detailed stratified data were not available from the 2002 survey. Data on exposure to second-hand smoke (SHS) among never-smokers were obtained from the Global Adult Tobacco Smoking survey 2010 [13] . We chose to use this survey, although it did not satisfy the assumed 10-year lag period between exposure and outcome, because it had detailed data on SHS.
Due to potential variations in intensity and duration of exposure to risk factors, using RRs from studies conducted in other populations (notably western populations) to calculate PAFs in China could provide misleading results when categories of exposures are merely 'ever' versus 'never'. Therefore, RRs for the association between ever-smoking, SHS, or ever-alcohol drinking and cancer were obtained from prospective studies or meta-analyses of studies conducted in China or Asia, when available (supplementary Appendix and Table S2 , available at Annals of Oncology online). RRs for overweight/obesity, low fruit/vegetable intake, and low versus moderate (recommended) levels of physical activity were largely obtained from meta-analyses of studies worldwide because RRs from large-scale studies in China were scarce. RRs for infections and cancer were mostly obtained from an analysis of global cancer burden of infections [7] .
Statistical analysis
We calculated the number and proportion of attributable cancer deaths and cases and their 95% confidence intervals (CIs) for each of the studied risk factors using a bootstrap simulation method [14] , in which numbers from repeated draws were generated for all exposure levels, RRs, and numbers of cancer cases/deaths. We assumed that case/death counts followed a Poisson distribution, while RRs (in logarithmic scale) and exposure levels followed normal distributions. The simulation process was replicated 1000 times for each sex, age, and residence stratum.
More detailed information on the methods used in this analysis, including the formulas used to calculate PAFs, is available in supplementary Appendix, available at Annals of Oncology online. To calculate excess cancer deaths and cases attributable to each risk factor by sex and residence, we first multiplied the number of cancer deaths or cases in each age, sex, and residence group by the corresponding PAFs. Then, we summed up these excess numbers over age. The overall PAFs by sex/residence were calculated by dividing the number of excess cancer deaths or cases by the total number of cancer deaths or cases in the corresponding stratum, expressed as percentages.
Results
A total of 717 910 (52%) cancer deaths in men and 283 130 (35%) in women in 2013 in China were attributable to the risk factors considered in this analysis (Figure 1 and supplementary Table S3 , available at Annals of Oncology online). The corresponding numbers for incident cancer cases were 952 520 (47%) in men and 442 650 (28%) in women (supplementary Table S4 , available at Annals of Oncology online). By risk factor, the greatest attributable proportions of cancer deaths were for ever-smoking (26%), HBV infection (12%), and low fruit/vegetable intake (7%) in men and HBV infection (7%), low fruit/vegetable intake (6%), and SHS (5%) in women ( Figure 1 ). These factors also had the greatest PAFs for incident cancer cases (supplementary Table S4 , available at Annals of Oncology online).
By cancer site, the proportion of deaths attributable to all studied risk factors ranged from 84% (for liver cancer) to 8% (lymphoma) in men and from 99% (cervical cancer) to 3% (ovarian cancer) in women ( Table 1 ). The cancers with the highest overall number of cancer deaths attributable to all studied risk factors in both sexes were lung (245 040 deaths in men; 66 470 in women), liver (194 760 in men; 66 210 in women), and gastric cancer (111 180 in men; 45 300 in women). We found similar rank order of cancer sites for the overall attributable number of incident cancer cases in men, but in women cervical cancer ranked first, followed by lung and liver cancer (supplementary Table S4 , available at Annals of Oncology online).
The number of cancer deaths attributable to ever-smoking was highest for lung cancer (251 470), followed by liver (41 600), gastric (39 690), and esophageal cancer (31 740); the corresponding PAF was 43% for lung cancer (57% in men; 13% in women) and only 13%-15% for each of the latter three cancer sites ( Figure 2 ). The number of lung cancer deaths attributable to SHS among never-smokers was greater in women (40 000) than in men (12 140) ( Table 2) . It is also noteworthy that in women SHS Figure 1 . Number and proportion of cancer deaths attributable to studied risk factors (individually and all combined) by sex in China (2013), age 30 years. > >, All risk factors, all studied risk factors; BMI, body mass index; CI, confidence interval; EBV, Epstein-Barr virus infection; fru/ veg, fruit and vegetable intake; H pylori, Helicobacter pylori infection; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection; HPV, human papilloma virus infection; PAF, population attributable fraction; phys act, physical activity; SHS, second-hand smoking (among neversmokers). >, The bars in the figure and numbers in parentheses represent 95% confidence intervals. The number of cancer deaths by sex may not add up to the totals provided because of rounding, and because total numbers were separately obtained from simulation models.
caused more lung cancer deaths than ever-smoking did (23 460) ( Figure 2 ). The proportion of cancer deaths attributable to infectious was over 99% for cervical and nasopharyngeal cancer, 78% for liver cancer, 50% for Hodgkin's lymphoma, 40% for gastric cancer, and <14% of oral/oropharyngeal cancer and non-Hodgkin's lymphoma ( Figure 3 ). Liver cancer had the highest number of cancer deaths attributable to infections in both men (180 390 deaths) and women (63 350), followed by gastric cancer (78 450 in men; 39 910 in women), and nasopharyngeal cancer in men (15 400) and cervical cancer in women (26 060). In both men and women, the cancers with the greatest number of deaths attributable to the other studied risk factors were esophageal cancer for both alcohol drinking and low fruit/vegetable intake, liver cancer for high BMI, and colorectal cancer for physical inactivity (Table 2) .
For both cancer deaths and cases, the proportions attributable to each risk factor varied little by urban/rural residence, although in general the proportions were slightly higher in rural areas except for high BMI and physical inactivity, in which the proportions were slightly lower (supplementary Tables S3 and S4 , available at Annals of Oncology online).
Discussion
Our analysis suggests that 996 000 (almost half of all) cancer deaths and 1 388 800 (39% of all) cancer cases in China in 2013 were attributable to ever-smoking, second-hand smoking, infections, alcohol drinking, low fruit/vegetable intake, excess body weight, and physical inactivity, with ever-smoking and infections accounting for the majority (82%) of excess cancer deaths and cases. Deaths from lung and liver cancers represented the largest number of attributable deaths to the studied risk factors.
As smoking prevalence among Chinese men is very high (58% ever-smoking in age 30 years in this analysis), a considerable proportion of cancers in this and earlier analyses has been attributed to smoking (supplementary Table S5 , available at Annals of Oncology online). However, our findings are somewhat lower than those reported by Wang et al. [5] , in part because they used higher RRs for ever-smoking based on case-control studies and moderately higher ever-smoking prevalence. But our results are very close to those of recent large-scale prospective studies from China, including Kadoorie Biobank Study, a nationwide study of over 0.5 million adults [15] , in which PAF for smoking and all incident cancers was 23% in men and 2% in women, compared with our estimates of 25% in men and 2% in women.
Despite some progress in recent years, China still needs much stronger tobacco control policies. Complete implementation of policies recommended by the World Health Organization's (WHO) Framework Convention on Tobacco Control (FCTC) in China is projected to avert more than 10 million deaths by 2050, with taxation and smoke-free policies being the top two effective interventions [16] . Current cigarette tax (56% of retail price) is below the FCTC-recommended benchmark of at least 70% and has not been able to offset a rapid income growth in China, where in fact, cigarettes are now 70% more affordable than in 2000 [17] . Similarly, although three cities (Beijing, Shanghai, and Shenzhen) have recently required 100% of public places to be smoke-free, China lacks a comprehensive, national smoke-free law; partial smoke-free laws with loopholes adopted by a few other cities have not been able to substantially reduce smoking in public places [18] . The cancer sites are ordered by PAFs for both sexes combined. The numbers in parentheses represent 95% confidence intervals. The number of cancer deaths by sex may not add up to the totals provided because of rounding, and because total numbers were separately obtained from simulation models. PAF, population attributable fraction.
The PAFs for infections in this analysis is somewhat lower than in earlier analyses [5, 7] , probably due to differences in the mix of cancers and methodology (supplementary Appendix, available at Annals of Oncology online). Despite these differences, however, all studies attributed a substantial proportion of cancer deaths (20%-30%) in China to infections, underscoring the need for broad implementation of known interventions against these infections.
With a rate approaching 100%, HBV infant immunization in China is expected to prevent many liver cancers in the future [19] . However, the coverage of vaccination within 24 h after birth to prevent vertical transmission of HBV is suboptimal in some regions and in children born at home [20] . Increasing the number of infants born in hospitals, coverage of the vaccine supply chain and delivery of HBV vaccine soon after birth to infants born elsewhere, and awareness about benefits of the vaccination can increase timely vaccination [20, 21] . As all adults were born before the HBV vaccination era and no vaccine is currently available for HCV, interventions to reduce horizontal transmission of HBV and HCV (e.g. during invasive medical procedures) are needed. Also needed are monitoring and treatment of people with chronic infection and HBV vaccination of high-risk groups, especially health workers. However, most patients may need assistance to afford costly anti-viral treatments [7] , and currently there is no national program to cover the cost of HBV vaccination for high-risk populations [21] .
Cervical cancer screening and HPV vaccination are costeffective interventions to reduce cervical cancer incidence and mortality [22] . China has implemented a cervical cancer screening program in rural areas based on histology or visual inspection with acetic acid (VIA), with the more recent addition of HPV testing [23] . Despite a relatively rapid progress, the program covers only 19% of rural women, and some regions experience shortage of resources, qualified providers, and equipment, and subsequently, low participation or follow-up rates [23] . Furthermore, HPV vaccine for use in China was approved in July 2016, but currently it costs several hundred USD and is unlikely to be implemented broadly in the near future [24] .
Comparable to Wang and colleagues' analysis [5] , we estimated that alcohol consumption accounted for 3% of total cancer deaths. Due to a rapid increase in excessive alcohol consumption in China and lack of any population-level interventions to stop it [25] , this burden is likely to rise [1] . WHO's recommended interventions to reduce alcohol consumption are generally similar to that of tobacco control interventions and include increasing awareness, labelling, taxation, and marketing restrictions, as well as addressing illicit and informal production [25] . The PAFs for high BMI and physical inactivity in this analysis were slightly higher than estimates by Wang and colleagues [5] , which may in part reflect rapid increases in the prevalence of these risk factors in the country [26] . Almost consistent with our findings, WCRF/AICR reports attributed 15% of all cancers in China to high BMI, alcohol drinking, low fruit and vegetable intake, and physical inactivity altogether (intake of red and processed meat was also included in that estimate, but it accounted for a very small proportion of cancers) [3] . Since the early 2000s, numerous interventions have been initiated in China to promote physical activity and healthy diet [26, 27] . However, they have been relatively small-scale or short-term, and more research is required to develop and evaluate effective interventions (e.g. lifestyle interventions, taxation of non-essential high-calorie foods and beverages) at the national level [27] .
The main strength of this analysis is the use of contemporary and country-specific exposure and cancer outcome data. We also applied simulation models to allow for uncertainty in exposure and outcome data and RRs. The 10-year lag period assumed was an average interval between changes in exposure prevalence and cancer occurrence at the population level, although the actual duration at the individual level for some risk factors likely to be much longer, especially for exposures that usually start earlier in life (e.g. smoking). We attempted to use RRs from comprehensive analyses of prospective studies; however, they were not available or might not be precise in all cases, particularly for uncommon cancers, or they might not be homogenous across age and socioeconomic groups or region. Indoor and outdoor air pollution are important risk factors for lung cancer in China [28] ; however, we did not study these risk factors and some other potentially modifiable factors (e.g. reproductive and occupational factors) because of lack of nationally representative exposure data.
In summary, nearly half of cancer deaths in China in 2013 were attributable to ever-smoking, second-hand smoking, infections, alcohol drinking, low fruit/vegetable intake, excess body weight, and physical inactivity, with smoking and infections accounting for 82% of the excess deaths. The total attributable proportion will be even higher by including other risk factors, notably indoor and outdoor air pollution and hazardous occupational exposures. Our findings reinforce the need for broad implementation Hodgkin's, Hodgkin's lymphoma; Non-Hodgkin's, non-Hodgkin's lymphoma; Oral/oroph, oral cavity and oropharynx; PAF, population attributable fraction. þ, The bars in the figure and numbers in parentheses represent 95% confidence intervals. The number of cancer deaths by sex may not add up to the totals provided because of rounding, and because total numbers were separately obtained from simulation models.
of known interventions and the development of new strategies to reduce exposures to established (smoking and carcinogenic infections) and emerging (alcohol drinking, excess body weight, and physical inactivity) risk factors in the country.
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